
I I 

l 
I 
I 
I l 
i I 

I 
I 

i 
i 
! I 
I 
I 
i I 
; ! 
I I 

I I 
I! 
I I 
I. 
! 

STATE OF INDIANA 

DEPARTMENT OF NATURAL RESOURCES 

DIVISION OF WATER 
US EPA RECORDS CENTER REGION 5 

I IIIII\ IIIII 1111111111 IIIII IIIII Ill\ Ill\ 
446287 

BULLETIN NO. 33 

GEOHl.~DHOLOGl.~ Al\'"D GROITND \\".t\TEH 
POTE~~IAL OF 

ST • .JOSEPH c.ot'f::\~'\."~ IXDii~XA 

Prepan~d by the 

GEOLOGICAL SURVEY 

UNITED STATES DEPARTMENT OF THE INTERIOR 

in cooperation with the 

DIVISION OF WATER 

DEPARTMENT OF NATURAL RESOURCES 

1969 

I I 

-- ·- • - ___ -4- .. ~..__..;a ·---- ... - • 



! 
I 

I 
l 
! 
I 

CONI'E1'TS 

Abstract .............. ···.····· · · · · · · · · · · · · · · · · · · · · · · · · · · 
Introduction ...............•....... ·······•·············· 

Purpose and scope .........................•.......... 
Previous investigations ................•...•......... 
Acknowledgments ..........................•....•...... 

Climate and geography ................................... . 
Geohydrology of the principal water-bearing units ....... . 

General aspects ..................................... . 
Unit 4 .............................................. . 

Water-bearing characteristics ................... . 
Quality of water ......................•.......... 
Development and potential ........•........•...... 

Unit 3 .......................•.........•....•........ 
Water-bearing characteristics ................... . 
Recharge and discharge .......................... . 
Quality of water ................................ . 
Development and potential .......•.....•.......... 

Unit 2 ...................................•........•.. 
Water-bearing characteristics ................... . 
Hydrologic aspects .............................. . 

Summary ...............•......•..............•............ 
Glossary ...................................•.......•..•.. 

Hydraulic coefficients .............................. . 
Miscellaneous terms ...............................•.. 

Selected references .......... , .................... , ..... . 

Plate 1. 

2. 

3. 

Figure 1. 

ILLUSTRATIONS 

(Plates in pocket) 

Map of St. Joseph County, lnciana, shOI>ing 
areal geology .... , ..... , ....... , ........ , .. . 

Map of St. Joseph County showing capability 
of unit 3 as a source of water ............. . 

Map of St. Joseph County showing approximate 
depth to the water-bearing zone in unit 3 ... 

Map of Indiana showing area covered by this 

Page 
1 
2 
2 
3 
3 
3 
4 
4 
4 
4 
4 
6 
7 
7 

12 
13 
14 
16 
16 
16 
16 
17 
17 
17 
19 

Page 

report...................... . . . . . • . . . . . . . . . . 2 
2. Nap of the South Bend-Hishawaka area, showing 

capability of unit 4 as a source of water... 9 
3. :Hap of the South Bend -Nishawaka area, showing 

depth to the water-bearing zone in unit 4... 10 
ft. Fluctuations of water levels in observation 

wells and monthly precipitation in St. 
Joseph County............................. . . 11 

- ii -

re 



Page 

Figure 5. Map showing configuration of the piezo
metric surface of unit 3, St. Joseph County, 
January 1960 ....................•..........• 15 

TABLES 
Page 

Table 1. Stratigraphic section and s1.li!D1ary of water
bearing properties of rocks of Quaternary 
age, St. Joseph County...................... 5 

2. Summary of water quality in unit 4............ 6 
3. Significance of selected dissolved mineral 

constituents and properties of ground water. 8 
4. Summary of water quality in unit 3............ 13 

- iii -

.. 



GEOF.r~ROLOGY AND GROl~~-WATER POTE~~IAL OF 

ST. JOSEPH COUNTY, ~~lANA 

By J. D. Hunn and J. S. Rosenshein 

ABSTRACT 

The principal sources of ground water in St. Joseph County are the 
unconsolidated rocks of Quaternary age. These rocks form a single but 
complex hydrologic syster:1 that is locally more than 450 feet thick and 
consists of three units. These units were previously recognized in 
Lake, Porter and La Porte Counties, where they were designated as units 
2, 3 and 4, in descendin~ order. Unit 1 is missing in St. Joseph 
County. The ground-watet potential of the county is estimated to be 
400 n:gd (million gallons per day) of which about 54 mgd is being pumped, 

Unit 4 consists of clay till containing discontinuous zones of sand 
and gravel, which are potential sources of moderate to large supplies of 
water. Sand and gravel within unit 4 is the principal aquifer in the 
South Bend-~fishawaka area, yielding as much as 3,000 gpm (gallons per 
cinute) to individual wells. 

l1ni t 3, a sand and gravel, is the principal aquifer of the county. 
This unit is partly artesian and partly water-table. Recharge is deriv
ed chiefly from local precipitation. Recharge to the artesian part and 
to about 70 square miles of the water-table part of the aquifer must 
percolate through the o\'erlying till (unit 2). This recharge is estimat
ed to average 200,000 gpd (gallons per day) per square mile, or about 40 
n:gd. Recharge to that part of the aquifer which is exposed at the sur
face is estimated to average 1. 2 mgd per square mile. The potential 
yield from natural recharge of this part of the aquifer is estimated to 
be 350 mgd. Possible yields to individual wells range from about 25 to 
nore than 3,000 gpm. Pumpage fr~ the unit is about 32 mgd, or about 69 
percent of the ground water pumped in the county. 

Unit 2, a silt till, is the confining layer for the artesian part of 
the principal aquifer. The unit may have as much as 2 million acre-feet 
of water in storage. Production from the unit is limited to relatively 
thin, discontinuous sand and gravel zones and is not a significant part 
of the ground ~ater pumped in the county. 
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DITRODUCTION 

Purpose and Scope 

A ground-water inv~stigation is currently being conducted in north
western Indiana by the U. S. Geological Survey, in cooperation with the 
Division of Water, Indiana Department of Natural Resources, as part of 
the statewide investigation of ground-water resources in Indiana. The 
purpose of this report is to describe the geologic and hydrologic char
acteristics of the aquifers, to estimate their current and potential 
yields, and to identify the problems relating to their development. 
This is the third and last of a series of interpretive reports scheduled 
for the area. It presents an evaluation of the ground-water resources of 
St. Joseph County (fig. 1) and provides information to guide the devel
opment and management of these resources. 

ST. JOSEPH CO. 
MICHIGAN 

J - - - - - IN-DlANA -
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FIGURE ..1. .--Map of Indiana showinG area covered by this report. 

The demand for water will increase during the next few decades as . , 
a result of tbe ~conomic development of the Great Lakes region, and the 
available ground water in the county will be a source of supply of in
creasing importance. 
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Although the available ground water should be more than adequate to 
·sf)' the needs of the county for several decades, the increased de-

satl 1 h h f . . rnands will produce hydrologic prob ems sue as t ose o contam1nat1on 
d well spacing which are common to highly urbanized areas. Therefore, 

:: order to tap a major part of the potential yield, sound practices of 
development and responsible management of water resources will be re
quired. 

Previous Investigations 

A detailed evaluation of the ground-water resources of St. Joseph 
County has not previously been published; however, Klaer and Stallman 
(1948) prepared a quantitative evaluation of the ground-water resources 
of the South Bend area. The water-bearing sand and gravel described by 
them is separated into two units (3 and 4) in the present report. A 
preliminary evaluation of the ground-water resources of the county is 
published in a report by Rosenshein and Hunn (1963a). Other publications 
referring to St. Joseph County are listed in the "Selected References," 
at the end of this report. 
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assistance during the preparation of this report. The investigation was 
under the immediate supervision of C. M. Roberts, district geologist of 
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the U. S. Geological Survey, assisted in the geologic reconnaissance and 
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ical Survey, the Division of Oil and Gas, and the Division of Water, all 
in the Indiana Department of Natural Resources; the Indiana State Highway 
Department; the Indiana Toll Road Commission; and the Indiana State Board 
of Health. 

CLDiATE AND GEOGRAPHY 

The average annual precipitation at South Bend, the county seat, is 
about 37 inches, and the average annual air temperature is about 49° F. 

The Maxinkuckee moraine, extending from South Bend southward into 
Marshall County, is the chief topographic feature of the area. A drain
age divide extends from northwest to southeast across the county and 
separates the ~t. Lawrence River basin from the Mississippi River basin. 
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The maps in this report show the pattern of the principal streams and 
ditches. Points of highest elevation are on the Maxir~uckee moraine, 
and the lowest elevation in the county is the surface of the St. Joseph 
River where it enters Michigan; maximum relief is about 260 feet. 

GEOHYDROI.DGY OF THE PRI:OC:IPAL WATER-BEARING UNITS 

General Aspects 

The principal sources of ground water in St. Joseph County are the 
unconsolidated rocks, which locally are more than 450 feet thick and 
were deposited chiefly as a result of glaciation during Pleistocene time. 
These rocks form a single but complex hydrologic system from which about 
54 mgd (million gallons a day) of water is currently being withdrawn. 

Rosenshein (1962) subdivided the rocks into the lithologic units 
used in this report. The units are discussed in ascending order. Their 
stratigraphy, character and distribution, and geohydrologic properties 
are summarized in table 1. The areal extent of those units that are ex
posed at the surface is shown on plate 1. 

The underlying dolomite, dolomitic limestone, and shale of Devonian 
age are potential sources of water of uncertain quality and quantity, 
but are not presently used. 

Unit 4 

Water-Bearing Characteristics 

Unit 4 is a clay till that contains zones of sand and gravel which 
are generally discontinuous and small in areal extent. The unit under
lies about 90 percent of the county and is as much as 350 feet thick in 
buried valleys. It is not exposed at the surface. The vertical permeabil
ity (see p. 17) of the till is probably sireilar to that estimated by 
Rosenshein (1963) for the part of the same unit underlying Lake County--
0.003 gpd (gallons per day) per square foot. The porositv (p. 18) of the 
till may be as much as 30 to 40 percent (Rosenshein and Hunn, 1968a, p.21) 
and the unit may have as much as 6 million acre-feet of water in storage. 

Quality of Water 

Water in unit 4 is chemically similar to water in the overlying 
aquifer, unit 3 (p. 7 ). However, the water in unit 4 is more uniform in 
quality, and may represent a mixing of recharge water from unit 3 con
taining wider.ranges of dissolved constituents. The quality of water in 
unit 4 is s~rized in table 2, and the significance of the dissolved 
constituents 1s shown in table 3. 
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Development and Potential 

The sand and gravel zones within unit 4 are used locally throughout 
the county as a source of water for municipal and industrial supplies 
and occasionally for domestic and farm use. These zones are tapped 
either in a search for large supplies of water or to obtain supplies free 
of contamination. In most of St. Joseph County larger yields are possible 
in unit 3, the sand and gravel aquifer overlying unit 4. Wells tapping 
unit 4 discharge an estimated 22 mgd, or about 41 percent of the ground 
water used in the county. Of this amount about 14.8 mgd is pumped for 
municipal use by South Bend, Mishawaka, New Carlisle, and Walkerton, and 
about 7 mgd for industrial and commercial use. 

Table 2.--Summary of water quality in unit 4. 

Constituent Mode Number Minimum Maximum (most 1c~n or (ppm) (ppm) 
va ue Average of 

property (ppm) samples 

Iron (Fe) < 0.1 2.5 0.14 1.04 47 

Bicarbonate 
(HC0

3
) 151 549 295 312 48 

Sulfate (SO 4) < 5 260 ---------- 75 18 

Chloride (Cl) <4 108 14 16 47 

Hardness as 
Caco3 128 508 279 300 48 

Total dissolved 
solids 267 649 ---------- 397 16 

Sand and gravel within unit 4 is the principal aquifer in the South 
Bend-Mishawaka area. Klaer and Stallman (1948, pls. 4 and 5) refer to 
this aquifer as the "deeper sands and gravels." The transmissibility 
(p. 17) of this aquifer ranges from less than 10,000 to more than 
300,000 gpd per foot. The permeability ranges from less than 200 to 
more than 6,000 gpd per square foot. The average coeffi~aent of storage 
was calculated by Klaer and Stallman (1948) to be 3 x 10 . Figure 2 
shows estimated transmissibilities and relates these to specific capaci
ties (p. 18) and possible yields obtainable from properly constructed 
wells. The specific capacities are those to be expected for a 12-inch 
well after pumping for 1 day. The yield for a specified drawdown will 
be greater for a large-diameter well than for a small-diameter well. 
Owing to the§e and other factors, such as well efficiency, figure 2 gives 
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only an approximation of the capability of the aquifer as a source of 
water. 

Much of this aquifer is a possible source of water for users re
quiring 1,000 gpm or more. However, actual yields from improperly con
structed wells may be considerably less than those indicated on figure 2. 
Proper construction requires careful choice of well diameter, screen 
diameter and length, and slot size of screen openings. Guidelines to aid 
in proper selection of the above factors are given by Walton (1962, 
p. 28-30). Wells tapping unit 4 require development to remove the clay, 
silt, and very fine sand from the immediate vicinity of the screen. 

The depth to the water-bearing zone can be estimated from figure 3. 
This information may then be used in conjunction with information on 
figure 2 to estimate the depth to which a well must be drilled in order 
to develop a water supply. For maximum yield, the full thickness of the 
aquifer should be screened. 

Klaer and Stallman (1948, p. 43) reported that water levels in the 
South Bend-Mishawaka area declined at an average rate of 0.5 foot per 
year for the period 1895-1945. This rate of decline includes both unit 
4 and unit 3 (p. 7 ). Available observation-well records indicate that 
water levels in both units have declined at an average rate not greater 
than 0.2 foot per year from 1946 to the present time. The long-term 
decline of water levels does not indicate a present or a future water 
shortage. The hydrograph of well St. Joseph 17 on figure 4 illustrates 
the maximum recorded long-term decline of water levels in unit 4 since 
1946. This hydrograph also shows the effects of seasonal variations of 
recharge and discharge, and of pumping of nearby wells. 

Transmissibilities of sand and gravel zones outside the South Bend 
area range from about 1,000 to about 10,000 gpd per foot. The permeabil
ity ranges from less than 100 to about 800 gpd per square foot. The 
potential of most of these zones for development is limited by their 
small areal extent and by the small vertical permeability of the enclos
ing till, which largely determines the rate of recharge. Recharge is 
derived chiefly from local precipitation percolating downward through 
the overlying units. 

Unit 3 

Water-Bearing Characteristics 

Unit 3 consists chiefly of sand and gravel that locally contains 
thick zones of clay. This unit underlies the entire county and is the 
principal aquifer. It is overlain by till (unit 2, p. 16) in the south
eastern part and in a small area in the northwest corner of the county 
(pl. 1). The aquifer is water-table, except in about half the area 
overlain by unit 2 in the southeastern part of the county. 

The permeaaility of unit 3 ranges from less than 100 to more than 
5,000 gpd per square foot. The coefficient of transmissibility ranges 
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from less than 10,000 up to 500,000 gpd per foot. The unit has an esti
mated regional transmissibility of 70,000 gpd per foot. 

Rosenshein and Hunn (1968a, p. 21) have estimated that in Lake 
County the coefficient of storage for the artesian part of the aquifer 
averages 0.003 and for the water-table part 0.12. These estimates should 
be sufficiently accurate to evaluate regional characteristics of the 
aquifer in St. Joseph County. 

Recharge and Discharge 

Fluctuations of the water level in the aquifer due to seasonal vari
ations of recharge and discharge and to pumping of nearby wells are 
shown on figure 4. This hydrograph also shows the maximum recorded de
cline of water levels in unit 3 in the South Bend area since 1946. 

Recharge to the unit is derived chiefly from precipitation within 
the county. Some ground water enters the county by underflow from near
by areas in Michigan and in La Porte County, Indiana. During periods of 
heavy pumping in South Bend, some infiltration is induced from the St. 
Joseph River. 

Recharge to the artesian part of the aquifer, and to much of the 
water-table part, must take place by slow percolation through the over
lying till (unit 2, p. 16). This recharge is estimated to average 
200,000 gpd per square mile. 

That part of the unit which is exposed at the surface (pl. 1) is 
recharged mainly by direct percolation of precipitation through the upper 
part of the unit. This recharge is estimated to average 1.2 mgd per 
square mile. 

Natural discharge from the water-table part occurs chiefly as 
effluent seepage (p. 17) to the ditches and streans that penetrate the 
unit and as direct evapotranspiration. Effluent seepage constitutes 
most of the discharge in the nongrowing season and only a small part in 
the growing season. The importance of the streams and ditches as a means 
of discharge from the unit is indicated by their effects upon the config
uration of the piezonetric surface (fig. 5). This discharge produces 
most of the streamflow from July through September. 

Discharge by evapotranspiration from the water-table part in the 
growing season occurs chiefly where the water-bearing zone is less than 
20 feet below the land surface (pl. 3). Although no detailed evaluation 
of this discharge has been made, it should be similar per square mile to 
that estimated for the water-table part of this unit in Lake County 
(Rosenshein and Hunn, 1968a, p. 24). This discharge in St. Joseph 
County was probably about 20,000 million gallons or about 130 mgd during 
the 1960 growing season. 

NaturaL discharge from the artesian part of unit 3 occurs as upward 
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through the overlying till. Some discharge by evapotranspiration 
leakagel e locally where the confining layer is less than 20 feet thick; 
takes p ac 
h the quantity discharged must be relatively small. Some dis-owever, 

h from both the artesian and the water-table parts occurs also as c arge . 
downward movement to the underlying rock un~ts. 

Wells tapping unit 3 discharge an estimated 32 mgd. This discharge 
accounts for about 59 percent of the ground water used in the county. Of 
this amount, about 17 mgd is pumped for domestic and farm use, about 11.6 
mgd for municipal use by South Bend, Mishawaka, Lakeville, North Liberty, 
Walkerton and Wedgewood Park, and about 3.7 mgd for industrial and com
mercial use. 

Quality of Water 

The principal constituents of the water are bicarbonate, calcium, 
and magnesium. Locally, sulfate is a major constituent. Concentrations 
of the dissolved constituents are summarized in table 4. The signifi
cance of these constituents is shown in table 3. Maps showing distribu
tion of hardness and iron concentrations in St. Joseph County have been 
published in a preliminary report (Rosenshein and Hunn, 1963a). 

Bicarbonate concentrations in unit 3 are often relatively high where 
the unit is overlain by unit 2, a calcareous silt till (p. 16). This 
relationship is not as pronounced in St. Joseph County as in Lake and 
Porter Counties (Rosenshein and Hunn, 196Sa and 1968b), where the till is 
finer grained, and exposes more surface area per unit volume to percolat
ing ground water. 

Table 4.--Sumrnary of water quality in unit 3. 

Mode 
Constituent (most common Number 

or Minimum Maximum value) Average of 
property (ppm) (pp:::) (ppm) samples 

Iron (Fe) < 0.1 7.5 0.12 0.72 368 

Bicarbonate 
(HCO) 24 512 312 306 373 

Sulfate (so
4

) < 5 430 37 44 210 

Chloride (Cl) < 4 164 12 15 370 

Hardness as 
Caco3 96 816 276 287 372 

Total dissolved 
solids 70 1,010 340 343 206 

' 
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Development and Potential 

Plate 2 shows estimated transmissibilities and relates these to 
specific capacities and possible yields obtainable from properly con
structed wells. The specific capacities are those to be expected for a 
12-inch well after pumping for 1 day. The yield for a specified draw-
down will be greater for a large-diameter well than for a small-diameter 
well, and will decrease with time of pumping. Possible yields for the 
water-table part of the aquifer are estimated from the specific capacities, 
by using a drawdown limited to one-half the saturated thickness of the unit. 
Owing to these and other factors, such as well efficiency, plate 2 gives 
only an approximation of the capability of the aquifer as a source of water. 
Much of the unit is a possible source of water for users requiring 500 gpm 
or more. However, without proper construction (seep. 7), actual yields 
of wells may be considerably less than those indicated on plate 2. 

The depth to the water-bearing zone in unit 3 can be estimated from 
plate 3. This information can then be used in conjunction with plate 2 
to estimate the depth to which a well must be drilled to develop an ade
quate water supply. For max~ yields from the artesian part, the full 
thickness of the aquifer should be penetrated and screened. For domestic 
or farm supplies only the upper 10 to 15 feet need be penetrated and a 
short, small-diameter screen used. 

The quantity of water potentially available for development from 
unit 3 depends on its rate of recharge. In part of the area this rate is 
controlled to a large extend by the geohydrologic properties of the over
lying till, unit 2. Recharge to this part of the aquifer is currently 
estimated to be 40 mgd. Rosenshein (1963, p. 17) has shown that the rate 
of recharge to the artesian part will increase as it is extensively devel
oped. This increase could raise the potential of this part of the unit to 
about 80 cgd. 

The potential yield of the ~ater-table part that is exposed at the 
surface is estimated to be 300 mgd. Development of water supplies in 
this part is complicated by several factors. The saturated thickness 
varies seasonally by about 2 to 5 feet. Because pumping from the water
table part results in an actual de~atering of the unit, the tra~s~issi
bility decreases as water is withdrawn. Estimates of the specific capa
cities and possible yields of this part of the aquifer (pl. 2) have been 
adjusted for these factors. 

The current purnpage is only about 8 percent of the water potentially 
available for use from the aquifer. 

Land-use practices and the susceptibility of shallow aquifers to 
contamination also complicate possible development. The land in much of 
the area is used chiefly for farming. As a result, it is continually 
being ditched--a practice that decreases the average saturated thickness, 
thereby permanently dewatering a part of the aquifer and decreasing its 
potential for development. Because the aquifer is readily susceptible 
to contamin~tion, the user should guard against waste-disposal methods 
that permit downward leakage of undesirable waste products. 
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Unit 2 

Water-Bearing Characteristics 

Unit 2 consists chiefly of silt till, which mantles much of unit 3. 
The rate of recharge to the underlying aquifer depends in part on the 
vertical permeability of unit 2. Rosenshein (1963, p. 16) estimated 
that the vertical permeability of the unit averages 0.007 gpd per square 
foot in Lake County. Although no calculations have been made for St. 
Joseph County, the till in this area is much coarser grained and the 
vertical permeability is probably 1.5 to 3 times that of unit 2 in Lake 
County. 

The porosity of the unit may be about 40 percent and its saturated 
thickness may average 20 feet. On the basis of these estimates, the unit 
may have as much as 2 million acre-feet of water in storage. However, 
because of its small permeability, direct production from the unit is 
limited to relatively thin, discontinuous sand and gravel zones which are 
used only for domestic and farm supplies. 

Hydrologic Aspects 

Unit 2 is the second most extensive unit exposed at the surface in 
St. Joseph County. The flow of many streams and ditches is determined 
to a significant extent by its ground-water discharge and runoff charac
teristics. Although this discharge has not been calculated, it is con
siderably less than that estimated by Rosenshein and Huon (1968a, p. 29) 
for the unit in Lake County (110 mgd), where the unit covers three
fourths of the land surface. 

SUMMARY 

The principal sources of ground water in St. Joseph County are the 
unconsolidated rocks of Quaternary age. The underlying bedrock is not 
used; however, it is a potential source of water of uncertain quality 
and quantity. The unconsolidated rocks form a single but complex hydro
logic system composed of three units. This system has a potential yield 
from natural recharge of about 400 mgd (million gallons per day), of 
which about 54 mgd or about 13 percent is currently being withdrawn. 

Geohydrology of rock units.--Unit 4, a clay till, contains discontin· 
uous zones of sand and gravel that are used locally for industr.~al and 
municipal supplies. The permeability of these zones ranges from less 
than 100 to about 800 gpd per square foot. Vertical permeability of the 
unit is probably about 0.003 gpd per square foot. The unit may have as 
much as 6 million acre-feet of water in storage. 

Sand and gravel within unit 4 is the principal aquifer of the South 
Bend-Mishawaka area. The transmissibility of this zone ranges fr~ less 
than 10,000 to more than 300,000 gpd per foot. The permeability ranges 
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from less than 200 to more than 6,000 gpd per square foot. The coef
ficient of storage is about 0.0003. 

Unit 3, a sand and gravel, is the principal aquifer underlying the 
county. Its coefficient of tr~nsmissibility ranges from less than 10,000 
up to 500,000 gpd per foot. The unit has an estimated regional transmis
sibility of 70,000 gpd per foot. The regional values of the coefficient 
of storage are probably about 0.003 for the artesian part and 0.12 for 
the water-table part. Recharge to the artesian part and to much of the 
water-table part must percolate through the overlying till (unit 2). 
This recharge is about 40 mgd. Extensive development of the artesian part 
will increase its potential to about 80 mgd. Direct recharge to the 
water-table part is about 1.2 mgd per square mile, and the estimated 
potential yield is 300 mgd. 

The principal dissolved constituents in the water from unit 3 are 
calcium, magnesium, and bicarbonate. The concentration of dissolved 
solids averages about 340 ppm. 

Unit 2, a silt till, is the confining layer for the artesian part 
of the principal aquifer. Its vertical permeability is probably greater 
than 0.007 gpd per square foot. The unit may have as much as 2 million 
acre-feet of water in storage. Discontinuous sand and gravel zones with
in the unit are used occasionally for domestic and farm suppEes. It is 
the second most extensive unit exposed at the surface in the county. 
The flow of many streams and ditches is influenced by the ground-water 
discharge and runoff characteristics of the unit. 

Gl.DSSARY 

Hydraulic Coefficients (after Ferris and others, 1962) 

Permeabilitv. --Measure of a material's capacity to trar~smit water; 
expressed as rate of flow of water in gallons per day through a cross
sectional area of 1 square foot under a hydraulic gradient of 1 foot per 
foot at prevailing water temperature. 

Storage.--Volume of water released from or taken into storage per 
unit surface area of the aquifer per unit change in the component of 
head normal to that surface. 

Transmissibility.--Rate of flow of water, at the prevailing water 
temperature, in gallons per day, through a vertical strip of the aquifer 
1 foot wide extending the full saturated height of the aquifer under a 
hydraulic gradient of 1 foot per foot. 

Miscellaneous Terms 

Effluent seepage.--Discharge of ground water to surface bodies of 
water. 

- 17 -
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Porosit~.--Volume of pore space expressed as a percentage of the 
total volume of the rock. 

Specific caoacity.--Yield of a well ~n gallons per minute per foot 
of drawdown. 
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the factors affecting the water levels in the aquifer were due chiefly to 
natural causes. 

GE~~~~ GEOLO~ A_~~ SOL~CES OF GROUND WATER 

The oldest known cons:::·lidated rocks underlying St. Joseph County are of 
Ordovician age. These rocks consist of dolomite, dolo~itic limestone, and shale 
and are overlain by dolomitic limestone, shale, and dolomite of Silurian age. 
The rocks of Ordovician and Silurian age are not used.as a source of water 
s~pply in the county be:::ause of the1r depth and the highly mineralized water 
~hich they contain. 

The rocks of Silurian age are overlain by dolomite and dolomitic li~estone 
of Midd:e Devo~ia~ age. These rocks underlie blue-black bituminous shale of 
De~cni~n age (Logan, 193:) or Devonian and Mississippian age (Patton, 1956). 
~~is s~2le is listed as Devonian age in table 3. The rocks of Dtvonian and 
~~~ssi~s:ppianf?} age grcde upward into s~ale of Mississippian age ~hich is 
o~e~lain locally by thin limesto~e. Although these limestones and shales of 
Dev~nian and Mississippian age are not used as a source of water in St. 
_':i:ep'-. C.:-u:~ty, they are a pCltential sot:::-ce of water, and the quality and 
:, .. :,:~::. :y a\·.::.:..: c:':: :e are un:ert a in. 

The bedro:k is overlain by unconsolidated glacial drift of Pleistoce~e age. 
7:--E: d'i.it fo:-:::s seve:-al proc:r.ent topographic features in the county (Klaer and 
S:c::~:-::;:-,, 1945, pl 2; Lt:'lt:rett and Taylor, 1915, pl. 6; Wa:yne, 1958) such as the 
\'c;~pc:a:;.s~· ccra:ne in tl':e extreme north'..'estern part, a two-prong extension of 
~::·.e K.c:.:a.-:-:.:::.::o m::-raine ir, the north-central part; the Maxinkuckee moraine in the 
so~t~-ce~tral pJ:-t, a~c ~!a~iofluvial plains and terraces in the northern and 

:~2 ~~~~~SJ~i~ated r~cks of Pleistocene age range in thickness fror:1 less 
:· . .::.r. ~~~· ft.'et t0 a::2·ut 3G,.\ fett. T!-:e rock:; consist chiefly of gla.cio£l-..l\·:.a.~ 

~~~~ .:~~ ~ra~~~. c:ay~~ t1il, and so~~ gl2ciolacustrine clay and silt. I~e 
~:a~.0f:uvia: s.:~~ and gravel is localiy more than 200 feet thick and is the 
:'.:,_:: 5-•',...rC~ ::.-: gro .... n.:J \o.·.;.t.er for d.J:-:-:~s:ic and st.ocj.;_, industrial, anc put-lie 
s.:?;:<~es. ~'ells t".at t<:p this aqLJifer are generally less thar. 200 feet ceE"p 
2~~ Yield frc= 5 [C IDC:E thar 2,000 £p~. 

! ... ~- ~=-.:~~-s=-~ :.d.:::.:eC 
: - ... : ...;:::- ' t' .:• ~ i 3.:-. s <' nc . 

rc.:ks of Pleistccc~e age a:-e overlain locally by t~in 
a~.: o:ga:~i.:a!}y '~.:~ sand, silt, and clay of Rece~: a;e. 
a;e are toe th:~ to be a source of ground water. 

. Plate 2 s~~~s the av~~:a~~lity of gro~nd water in the unconsolidetec r~~ks 
~~~Lr~~ing the cou~ty. In addition, plates 3 and 4 sho~ respectively the areal 
c:s~' 1 D~tion of hardness and iron content of water fro~ sand and gravel of 
pI . 
· .e!stocene 8£€. The water is hard to very hard. The hardness is generally 
g~ea~er tha'- ~~2 PP= and less than 500 pp~. However, in several small area~ in 
::-.t: no:-therr: ar... h f -~ sout_e~ parts o the county the hardness is less than 200 ppm. 
~: t h0ul!~. t~ e · 

c ·· 
1 ~~~ conter.t in much of the county exceeds maximum concentration 
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recommended in the U. S. Public Health Service drinking~ater standards 
(p.252) for iron and manganese together, there are sizeable areas ~here 
this standard is not exceeded. 

CO~~I~~D ~VD U~C0~7I~ED CO~DITIONS 

Ground water occurs in the consolidated and unconsolidated rocks of 
St. Joseph County under confined (artesidn) conditions or under unconfined 
(water-tablE)conditions. Under confined :J~~~~ions the saturated water
bearing r::aterial is o\·erlain directly 8y :-.::at:\'ely impervious material, a::c 
the water w·Ul rise al;)ove the level at which it is encountered in the ·...rate:-
bearing material. Vnder unconfined conditi~ns :~e ~ater-bearing material is 
ove::lain directly by pe~eable unsaturated :::aterial, and the water will not 
rise above the level at which it is enco~::tered. 

TYPES OF ·,..::u..s 

Drilled, driven, 3:-:d jetted wells are the ?rincipal types of water we~:s 
used in St. Joseph C:J-...:nty. Most water ·,.:el~s 3-inches or more in dia1:1eter .=.:·.: 
constructed oy the ca~le-tool, or percussi2n, :::ethod, but a few wells have 
been drilleJ by the rotary and reverse-rotary :::ethods. When the water-bear~~-: 
material is sand and gravel, the well is ;ener3lly finished with a well 
sc~een set in the 2~~::er below the botto~ of the well casing. (See Rosens~c: 
and Cosner, 1956, p. 6, for a detailed description of a well screen.) A 
modificati0n of this type of well, the grave:-packed well, has a gravel 
lining inserted be~~een t~e well screens and t~e ~ater-bearing material. 

Water we!ls less t~an 3-inches in dia~.::er are constructed in uncon
solidated material by driving or jetting. The jr£ven well consists of a 
sr:-.all-di'L':leter pipe :-:aving a drive point attac:-.ed to the end, which is 
driven into shallo· .. · water-bearing material. T~e jetted well is constructed 
by forcing water ~n~er ?tessure out of a hollow-rod or small-diameter drill 
pipe that is fitted ~i:h a jetting ~it. As t~e ~aterial is washed out of t~2 

hole .:1he3d of the casing, the casing is dr:.\·en C.-.J'I."!l. into the hole. After ti':<' 
water-bearing material is penetrated the well is generally finished with a 
h':2ll-point screen se~ £n the water-beari::-:5 ::-..;~erial below the bottom of t~c 

cas~ng. Table l relates the grain-size in inches and millimeters to the slJ: 
and the gauze size of screens commonly used in •ater wells. 

Oil or gas test holes in St. Joseph County generally were drilled by the 
cable-tool method. Structure test holes for foundations and bridges general: 
are drilled by the ~ash-boring method. In this method test hole samples us
ually are collected by driving a sampling t•.!be into the material after speci: 
inte:-Jals of boring. 

- 6 -

va 

GravE 
',·try 
Cvars 

·;e :-; 
Silt
Clay-

p 

g ~o·..:.::.C: 
fr:::= 3. 

a s .)·..:::. 
pia~(?.' 

.,.._ .... 
is t;c.:::-:e 
so·.;: :-:::e 
i:-o~ c.:: 
br ~:-~·· 

table ::.4: 

drawd~,.~ 
bearing 
surface " 
maps or e .,._ 
"'"'?0&:-ap;-
leve:e:d ~ 

Tabl 
table giv 
reaarks w 
geolcgic 



f 
ined 
.--
\ and - , 
-_.ater-
l is 
l not 

:'" "-'-"'€ l: 5 

1;:>ter ar 
have 

·r -bear 
11 
Rosens 

A 

:e 1. 
- 1 

....:. . ' 

:r-ucted 
r drill 

·-...:. t C' f 
A:'te:-

Table 1.--Grain size and equivalent screen openings 

Grain size: After Wen~·crth (1922). 
Equivalent scree~ openings: From 

commercial catalogs for 
water-w~ll supp:ies. 

Grain size 

Slot size: In thousandths(O.OOl) 
of an inch. 

Gauze size: Number of wire strands 
per lineal inch. 

Equivalent screen opening 

Material In::hes Millimeters Slot size Gauze size 

Gravel----------- >0. 08 >2 >80 -------
Very coan;e sane!- .04 - . 08 1 - 2 40 - 80 <20 
Coarse sand------ . 02. - . 04 . 50 - 1 20 - 40 40 - 20 
Medium sar•d------ . Cl - . 02 .25 .50 10 - 20 60 - 40 
Fine sand-------- . ocs - . 01 .125 - .25 6 - 10 90 - 60 
Very fine sar:d--- . 002 - . 005 . 062 - .125 ------- -------
Silt------------- . 00015 - . 002 . 004 - . 062 ------- -------
Clav------------- <. 00015 <.004 ------- -------

Preli~ina~y evalua~ion of the basi: data sho~s that adequate q~antities of 
~roun~ WEter ere a~~~:a~:e for domestic, stock, public, and industrial supplies 
fro~ sand and grav.:: of F:eist~cene age. The underlying bedrock is not usee as 
a so~~ce cf ~ater. Ho~e~er, the rocks of Devonian and Devonian and Mississip
p~a~(?) age are a po:e~tial so~rce of water of uncertain quality an~ quantity. 

T~c qua~ity c: wa:er tro= the rocks of Pleistocene age varies. The ~ater 
1s t:cr,crally ha:-c to v-=:--.· ::arc. In several small areas in the nortr.ern c.::d 
~-'J::--:·.:este:-r: p.=.rts t:--. .:: l-:a.cd::~.::ss e>f \o.'3te:- is ~ess thar. 200 pp~. Alr:·.,•;.;~:..- :~e 

::·,~:~ co2.ten: ex:eecs t:.._,: ~-- S. Public He2~t:-. Service drinking- .... ·ater sco.::.:::ards 
~:; irJr ar:~ ~c.~~a~~~E =~it:ther i~ ~uc~ of the county, there a:-e sizca~le areas 
:.:. ;..·:--.~;:::---. t:~t~ ir2:: co:-.te::: ekes not excee2. these standards. 

The re~ords of ab~~t 1,850 wells and rest holes are given in table 2. The 
ta!::e :.onta:r.s icfo~a.~i::-:-. at-out 1.o.•ell co::st:-uction, water levels, yields a~j 
c~.::-• .-~~'--:::S, ccr.d~t::.o::.s of cccurrence, thickness and characteristics oi water
bl'a::in£ materials, type of punp, and other data. The altitude of the land 
surface at all well5, except test borings was interpolated from topc:graph:.c 
~~~~ or e~trapo:a:e~ £:~= aerial photographs using the vertical control of the 
, - r-,J~raph1c Divisio::. cf t.he Geological Survey. Altitudes of borings w-ere 
!~~~ed by the Fecera~ o: State agency for whom the borings were made. 

lable 3 contains the selected logs of about 710 wells and test holes. This 
table giv h- · . e 5 t ~ or1ller's description of the material encountered, pertinent 
1 

emarl< s o.·i th regarci to the aaterial and the authors' interpretation of the 
~~~logic age of the .aterial. , 
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